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Fur Seal Investigations

Pribilof Islands, Alaska, 1963

By

ALTON Y. ROPPEL, ANCEL M. JOHNSON,
and DOUGLAS G. CHAPMAN

ABSTRACT

Of 42,386 male seals killed on the Pribilof Islands in 1963, 39,685 were taken
during the male kill from 2 July to 5 August and 2,701 during the kill of females
13 August to 12 September. Age classification in percent was: 5, 45, 45, and 5,

for ages 2, 3, 4, and 5. At least 3,150 male seals were taken as a result of early
season removal of the maximum length limit of 48-3/4 inches. The peak of the kill

occurred 22-26 July. The kill of 18,481 4-year-old males by 5 August agreed with
the forecast of 18,750. A kill of 37,500 3-year-old males by 31 July was predicted;
17,986 were taken by 5 August. The forecast for 1964 is 50,000 males by 5 August.
Harem and idle bulls counted were 11,283 and 9,540. Based on tag recoveries from
males ages 3 and 4, the number of pups born in 1958 and 1959 were 729,000 and
778,000; from female data, the estimates were 872,376 and 859,371. Based on
marked to unmarked ratios obtained from shearing and sampling pups, the estimate
of the number of pups born on the Pribilof Islands in 1963 is 316,000. A total of

43,952 females were taken. Three- and four-year-old females seemed to return to

rookery areas rather than to hauling grounds as in the past. Reproductive studies
showed that 2 of 170 4-year-old females examined were primiparous and had given
birth to their first pup in 1963, that all (140) of the 3-year-old females examined
were nulliparous, and that 24 percent of the 3-year-olds and 70 percent of the
4-year-olds would have been bred in 1963. Because only 3 and 32 percent of the 4-

and 5-year-old females examined in 1962 had given birth to pups that year, many
3- and 4-year-old females apparently do not conceive or most of the fetuses carried
by young females die early in life. Recoveries of marked animals included 3,703
with tags, 2,077 with checkmarks only, 84 with tags attached in 1961 and 1962 to

animals presumed to be yearlings, and 37 with Soviet tags. Twenty-five thousand
seal pups and 701 yearlings were tagged. The heads of 21,919 seal pups were
sheared. Land pup mortality was 39,239. Surveys of yearlings tagged as pups in 1962
were made to provide an index to survival from birth to age 1. A correlation be-
tween mean weight as pups and return at age 3 is suggested. Tagged pups continue
to weigh less than untagged pups. The average difference was 0.57 kg.

INTRODUCTION

The fur seal populations in the North Pacific
seem to be almost ideal subjects for testing
population principles among large mammals.
A large part of the population is present at

one time on small islands, there is an inten-
sive harvest, and the seals can be marked
and measured. Further, there is good com-
munication between biologists of different

Note.— Alton Y. Roppel and Ancel M. Johnson, Wildlife

Biologists (Research), Bureau of Commercial Fisheries

Marine Mammal Biological Laboratory, U.S. Fish and

Wildlife Service, Seattle, Wash.; and Douglas G. Chapman,
Laboratory of Statistical Research, University of Wash-
ington, Seattle, Wash.

countries working on the different islands and
at sea.

Allen (1954, p. 35 and 37) called attention
to some pertinent principles of population
management in the following statements : "Few
people appreciate the drastic waxing and waning
of animal numbers with the cycle of the sea-
sons.
"We cannot manage or even harvest, . . .

to best advantage until we have a realistic
conception of the annual destruction and re-
placement of numbers.

"Most large-scale errors in handling wild-
life resources have stemmed from a failure to

comprehend the forces at work in populations.



Logic applying to an individual frequently has
little relationship to the thrift and survival of

a life community."
On the Pribilof Islands, biologists and bi-

ometricians have the opportunity to guide the

management of fur seals according to popula-
tion principles. Despite occasional hesitation
and uncertainty, the female population is being
reduced to test the theory that the seal herd
was no longer growing and that it would reach
its maximum yield at a lower level.

The survival of year classes has been both
high and low since the reduction of females
began in 1956. The area occupied by rookeries
is apparently decreased but, until recently,
population estimates did not indicate that the
population was reduced. Sources of error,

mostly inflationary, in the information used
to make population estimates are now being
tested. The annual mortality in the sea and,

therefore, the survival to age 3, when the year
class first enters the harvest, cannot yet be
predicted.

The problems of predicting survival and of

estimating accurately the number of adult

females and the number of pups produced are
the most important ones that research on fur

seals must solve. The following pages record
the progress made on these problems and on
related studies in 1963.

The 1963 field season on the Pribilof Islands
extended from June to October. Arrivals, de-
partures, and affiliations of research workers
follows:

Name

Richard S. Peterson 1

Peter A. Dzikiewicz 1

Robert L. DeLong 1

Kenneth E. Thompson 1

Alton Y. Roppel

Richard K. Stroud 1

Frank B. Reberger'

John C. Haxton 1

Ancel M. Johnson

Arrival Departure

10 June

24 June

1 July

if r t

22 "

7 Oct.

9 Sept.

26 Aug.

3 Sept.

9 "

16 "

29 Aug.

Affiliation

Bureau of Commer-
cial Fisheries and
Johns Hopkins
University

Bureau of Commer-
cial Fisheries

Work

Behavior of fur
seals

Fur seal re-
search, gen-
eral

Population dy-
namics of fur
seals

Mark C. Keyes 8 July 19 Aug. Mortality of fur
seals

Charles A. Rohrmann

Ford Wilke

24 Sept.

9 Sept. 30 Sept. Fur seal re-

search, gen-
eral

George Schaller

Paul A. Colinvaux

17 June 27 June

26 July

Independent

Duke University

Fox census

Evolution of

Bering Sea
land bridge

Edwin Horn

William Horn

Alex Peden

it n

5 Aug. 12 Aug. University of Brit-

ish Columbia
Collect tide pool

fishes



Name Arrival Departure Affiliation Work

Lee Eberhardt 7 Aug. 12 Aug.

Don Watson

Dennis Bordukofsky 1

David Galaktionoff

'

Patrick Kozloff 1

Agafon Krukoff, Jr.
1

Lavrenty Stepetin 1

Herman Lestenkof

Innokenty C. Lestenkof 1

General Electric
(AEC)

St. Paul Island resi
dent

St. George Island
resident

Collect reindeer
flesh, bones,
and stomach
contents for
analysis of ra-
dioactivity

Behavior of fur
seals

Fur seal re-
search, gen-
eral

Temporary employees.

POPULATION

MALES
Age Classification

The male seals killed on the Pribilof Islands
in 1963 are classified by age in appendix
tables 4, 5, 6, and 7. The length limits origi-
nally prescribed for taking males were 42 to

48-3/4 inches, tip of nose to tip of tail. The
maximum length limit, however, was removed
early in the season to permit the killing of an
abundance of overlimit animals of commercial
quality. The number of males of each age
class that were taken as a result of the change
has been conservatively estimated at: 450
3-year-olds, 2,200 4-year-olds, and 500 5-

year-olds.
The practice of confining the kill of male

seals within minimum and maximum length
limits has protected most 2-year-olds and has
assured replenishment of the breeding stock
through escapement of overlimit 4-year-olds.
The large number of idle bulls present in the
herd, however, indicates that the killing of
males has been too restrictive in recent years.
Where the ratio of idle to harem bulls in 1930
was 1 to 4 on land, it is now about 1 to 1

.

Because the number of idle bulls seemed
excessive, the male killing season was ex-
tended well into August in most years since

1956 to reduce recruitment of males into the
breeding reserve. But the effect of the extended
season was moderated by concurrent use of a

maximum length limit, especially in years
when there were large returns of one or more
age classes. Length data from known-age
males have shown that some 3-year-olds and
many 4-year-olds are longer than 48-3/4
inches.
When the maximum length limit is removed

because it is too restrictive, an alternative
guide for killing should be provided. Absence
of secondary sex characteristics may be an
acceptable substitute. When present, the most
obvious secondary sex characteristic is the
mane, which is easily identified by the long,
silver-colored guard hairs on the neck. Most
or all 6-year-old males have a developing
mane; some 5-year-old males may have a

rudimentary mane. Underfur length, however,
is about the same regardless of age or size
of the animal.
A satisfactory solution to regulation of male

escapement may be to use a maximum length
limit when additional breeding stock is needed
and to use absence of the mane when elimina-
tion of all available 4-year-olds is desirable.
Presumably, fewer breeding males are needed
as the number of females are reduced.



Age classification of the male kill was
determined from a sample of 3,789 canine
teeth collected on St. Paul Island and from
1,592 collected on St. George Island. Sam-
pling of the kill was carried out from 2 July
through 5 August on both islands and from
13 to 26 August on St. Paul Island and 13 to

30 August on St. George Island. An addi-
tional 634 males were taken during the

27 August to 12 September period of the

female kill on St. Paul Island. They were
not sampled for age. The kill of male seals,

by year class, is shown in table 1 for the

years 1947-61. Tables 2 and 3 illustrate

the male age classification in percent for

1954-63, and the cumulative numbers ofmales
killed each year from 1955 to 1963, St. Paul
Island.

Table 1.—Kill of male seals, by year class, Pribilof Islands, Alaska, 1947-61

Year

class

St. Paul Island

Age when killed

4
Total

St. George Island

Age when killed

3 4
Total

Grand

total1

1947.

1948.

1949.

1950.

1951.

1952.

1953.

1954.

1955.

1956.

1957.

1958.

1959 2

I9602

1961 2

486

855

1,384

1,735

839

2,918

1,015

885

2,590

1,977

2,820

1,619

1,098

30, 110

25,714

29,697

40,656

32,350

30,733

38,312

23,473

27,863

10,671

24,283

48,458

26,456

14,310

23,697

19,995

12,326

15,365

18,083

31,410

8,855

5,599

10,555

2,762

15,344

14, 149

14,184

854

103

249

332

3,057

675

54

554

115

532

773

1,587

54,661

46,298

42,272

57,208

54,874

64,553

48,060

32,544

39,548

14,850

42,990

66,171

43,460

15,929

1,098

114

303

1,104

288

545

295

535

555

171

242

431

891

636

921

7,043

5,546

7,116

8,475

7,907

8,998

10,611

6,651

7,246

2,251

5,098

9,413

5,890

4,332

3,731

3,926

2,570

4,793

5,310

8,459

3,330

2,779

2,825

1,387

4,492

3,707

4,690

123

22

280

147

681

506

100

162

260

218

244

540

10, 897

9,608

10,269

14,519

14,186

18,508

14,336

10,127

10, 886

4,027

10, 076

14,091

11,471

4,968

921

65,558

55,906

52,541

71,727

69,060

83,061

62,396

42,671

50,434

18, 877

53,066

80,262

54,931

20,897

2,019

1 Does not include Pribilof seals taken at sea or on breeding islands owned by the Soviet Union,

nor 6-year-old and unclassified males totaling 5,406.

2 Incomplete returns.



Table 2. --Kill of 3- and 4-year-old male seals at various dates, St. Paul Island, 1954-63

Date
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The peak of the kill occurred during round
6 (22-26 July) when 5,809 males were taken
on St. Paul Island (fig. 1). The percent cumu-
lative kill, by date, age, and island is shown
in figure 2.

—X— 3-YEAR-OLD MALES—o— 4-YEAR-OLD MALES

5 6
ROUND NUMBERS

Figure 1.— Kill of 3- and 4-year-old male seals, by round,

St. Paul Island, 1963.
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Harem bulls on St. Paul Island decreased by
10.9 percent of the 1962 count; those on St.

George Island decreased by 11.6 percent. The
total number of harem bulls on the Pribilof

Islands was 89 percent of the 1962 count.

The idle bulls on St. Paul Island showed a

decrease of 16 percent; those on St. George
Island decreased by 28.7 percent. The total

number of idle bulls on the Pribilof Islands

was 18.9 percent less than the count in 1962.

Counts of harem and idle bulls were made
on East Rookery, St. George Island, at inter-

vals ranging from 4 to 7 days from 6 July to

16 August. The counts are given in table 5.

Table 5. --Counts of harem and idle bulls, East

Rookery, St. George Island, 6 July to

16 August 1963

Date



Table 6. --Kill of female seals, by year class, 1 Pribilof Islands, Alaska., 1939-62

Year



Table 7.—Percent age composition of female seals sampled from the kills,
Pribilof Islands, Alaska, 1958-63

Year and



shows the percent age composition of female
seals sampled from the kills on the Pribilof

Islands from 1958 to 1963.

Reproduction

The genital tracts of 3- and 4-year-old
females taken in the kill were classified in

the laboratory according to whether the female
had given birth to none, one, or two or more
pups in her lifetime. Presence of a placental

scar (site of umbilical cord attachment) in

one uterine horn confirmed birth of a pup in

1963. The fresh ovaries were examined for

Graafian follicles, then sectioned to detect

developing corpora lutea and to measure
follicles 5 mm. or larger in diameter. A
developing corpus luteum presumably indi-

cates that ovulation and conception have oc-
curred. Graafian follicles, if present, suggest
that the female is sexually mature and is

nearly ready to ovulate. According to Craig, 1

the ovaries of immature females "are struc-
tureless, containing no corpora lutea, corpora
albicantia, or Graafian follicles. A female
preparing to ovulate for the first time will

usually have equal numbers of follicles in each
ovary." Craig classifies the latter as "ma-
turing" females. Of "maturing" females, Craig
states that "Graafian follicles are first seen
in March, and increase in size and number
until the time of ovulation in late August or
early September, 1 to 2 months later than
subsequent ovulations."

1 Allison M. Craig. 1963. Key to the reproductive con-

dition of female fur seals (Callorhinus ursinus) and the

reproductive cycle of mature female fur seals. Fisheries

Research Board of Canada, Biological Station, Nanaimo,

B.C. [Manuscript report.]

The results of examining 310 pairs of

ovaries from known-age 3- and 4-year-old
females taken on St. Paul Island in 1963 are
summarized in table 9. Two of the 170 4-year-
old females were primiparous and had given
birth to their first pup in 1963; all (140) of

the 3-year-old females examined were nulli-

parous.
Both ovaries of all but 3 of the 310 females

examined contained developing follicles or
follicles that were resorbing as a result of

ovulation. If the presence of follicles in both
ovaries usually results in ovulation the same
year, many of the 3- and 4-year-old females
either do not conceive or a large proportion
of the fetuses die early in life or both. For
example, of 295 5-year-old females examined
in 1962, 94 or 32 percent had given birth to

pups that year; only 13 or 3 percent of 398
4-year-old females had given birth. The dif-

ference between the observed pregnancy rates

of 4- and 5-year-old females examined in

1962 and the potential pregnancy rates of 3-

and 4-year-old females examined in 1963 may
also be influenced by unrepresentative sam-
pling and year to year variation in fecundity.

The ovarian tissue of 3- and 4-year-old
females examined in 1963 differed in texture,

presumably as a result of hormones asso-
ciated with ovulation or conception. Ovaries
with developing corpora lutea were firm;
ovaries of females that had never ovulated

were soft and fragile. The ovaries of older

females are firm and, in addition, are laced

with connective tissue formed by corpora
albicantia.

The reproductive conditions of Soviet-
tagged females taken in the kill on St. Paul
Island are given in table 10.

Table 9. --Ovarian activity of 3- and 4-year-old female fur seals, St. Paul Island, 1963

Age



Table 10.—Reproductive condition of Soviet-tagged females, St. Paul Island, 1963

Date



TabLe 11. --Summary of tagged and tag-lost seals recovered, by age and sex,

Pribilof IsLands, Alaska, 1963



Table 12.—Summary of seals selected and tagged
as yearlings in 1961 (M-series) and 1962 (N-
series) and recovered from the kill, Pribilof
Islands, Alaska, 1963

St. Paul Island



Table 14. --Fur seal pup tagging, Pribilof Islands, Alaska, 1963



Table 15.—Selected and known-age yearlings tagged, St. Paul Island, 1961-63

Year



Table 17.—Homing tendency of known-age yearling seals, by sex and rookery, St. Paul Island, 1963



use in 1961 of body weight rather than length
as the criterion of age. Although preferable
over body weight, body length, as now used,
is apparently not an accurate guide for select-
ing yearling females. Among known-age
yearlings handled in 3 years, males have
out-numbered females by an average of over
4 to 1 while among seals selected as yearlings
the ratio was about 2 to 1 . This means that

over one-third of the selected females were
actually older than yearlings. Only a reduc-
tion in the maximum length limit for females
will reduce the error caused by the overlap
in body lengths of yearlings and 2-year-old
females.

Survey- -Yearlings

There is no known way to predict accurately
the number of 3-year-old seals that will re-
turn to the Pribilof Islands each year. In

recent years, the return has varied from
nearly 50,000 from the 1953 year class to

less than 13,000 from the 1956 year class.
If the assumption that each age class suffers
its greatest mortality during its first winter
at sea is correct, the relative abundance on
land each fall of yearlings tagged as pups
may provide an index to survival from birth

to age 1. Thus, a means of roughly predicting
the return of 3-year-olds will be available.
As a beginning to this approach, five weekly
counts of tagged yearlings were made on St.

Paul Island in 1963.

Methods .-- Two to three men walked slowly
in a line perpendicular to the water's edge,
forcing seals from the rookery or hauling
ground to move toward the sea within sight of

two or three observers. The observers cap-
tured each tagged yearling seen, recorded the

tag number and sex, then released the animal.
Descriptions of rookery and hauling ground
sampling areas used for the surveys are given
in table 19. The first survey, made prior to

the selection of sampling areas, required
nearly 2 days to complete; each of four sub-
sequent surveys made required about 7 hours.

Results .--The tagged yearlings found on
each area are listed in table 20 by date and
sex. Yearlings were apparently most abundant
during 27 September to 1 1 October. Of the 73
tagged yearlings captured, 65 were males and
8 were females. This preponderance of eight
males to one female is greater than the average
of four males to one female found among
tagged yearlings captured during tagging in
1961, 1962, and 1963.
The mean number of tagged yearlings caught

per hour increased from 0.80 in 1961 to 3.06
in 1962; the ratio in 1963 was 2.33 per hour.
A similar comparison results even if other
than total periods are used. Using 27 Septem-
ber through 11 October, for instance, the

Table 19.—Description of rookery and hauling
ground sampling areas surveyed for tagged
yearling counts, St. Paul Island, 1963

Rookery1



Table 20.—Tagged yearlings counted, by rookery, date, and sex,

St. Paul Island, 1963

Rookery



Table 21.— Checkmarks overlooked compared to the number available, 1

Pribilof Islands, Alaska, 1961-63

Year and



Table 22. —Tagged male and female seals without
checkmarks, Pribilof Islands, Alaska, 1963

Table 23.—Summary of double-tagged seals
recovered from the kill, St. Paul Island,
1961-63

Year and
checkmark



Table 25. —Homing tendency of male and female seals, by age, Pribilof
Islands, Alaska, 1963

Males



MORTALITY

In recent years, counts of dead pups on
land have varied from 119,505 in 1956, to

37,740 in 1958, to 74,702 in I960 and, finally,

to 39,239 in 1963. Mortality of pups on land,

although considerable, is much less than that

which occurs at sea.

Wide fluctuations in the annual male kill are
the result of variation in ocean mortality.

Therefore, a basis for predicting ocean
mortality must be established if accurate
forecasts of the kill are to be made.
As an approach to this problem, a veteri-

narian was added to the staff of the Marine
Mammal Biological Laboratory in 1962 to in-

vestigate causes of mortality on land and to

determine if some land-originated factor or

Table 27. —Dead-pup counts,

Islands, Alaska,



Table 29.—Dead -pup counts, sample areas,

St. Paul Island, 1963

Rookery



Table 31. --Estimates of the pup population at time of tagging based

on recovery of tagged and tag-lost male seals, Pribilof Islands,

Alaska, 2 July to 5 August, 1963

Year
class



in I960 and 1961. As previously pointed out,

however, the estimate for 1961 is based on
questionable data recovered at age 2.

Estimates From Tagged Females

As for males, the tag lost to tagged ratios

among females taken on the two islands were
compared. The ratios were similar for 4- and

5-year-old females, but were higher for 2-

year-old females taken on St. Paul Island

and higher for 3-year-olds killed onSt. George
Island. Only 14 2-year-old females with tags

or checkmarks were recovered on St. George
Island. This number is not adequate to provide

a valid comparison. There is no apparent

reason for the difference among 3-year-old
females. Because errors, if they exist, could

not be identified, changes in the total recoveries
were not made.

Estimates of the pup populations given in

table 34 are based on data obtained from the

kill of female seals. Estimates of the 1958 and
1959 year classes are much higher than are
those based on data obtained from the kill of

males. The estimates for the I960 and 1961

year classes are only slightly higher than

estimates based on data from males.

20,000 marked pups were proportioned to the

rookeries according to the distribution of the

harem bulls. On most rookeries, however, the

allotment was exceeded.
As in previous years, the pup population was

sampled by obtaining a marked to unmarked ra-

tio from groups of 25 pups counted at regular in-

tervals along lines located on the ground per-
pendicular to the water's edge. The population

was sampled 19-21 August and again on 26 and
27 August to determine the effect of time on the

estimate and to determine if the estimates from
the two periods were consistent.

During the second sampling period, counting

was more difficult, and the number of available

samples decreased because the pups were
more active in going to and into the water.

The estimates from the two periods differ

by only 5,625 or 2.4 percent of the average
of 229,900 (table 35). The estimates for indi-

vidual rookeries differ by amounts varying
from 4 to 2 1 percent of the average estimate
for that rookery.

The number of pups per harem bull was
determined from the average of the two esti-

mates (table 36). There were no exceptionally

large differences between rookeries; only

for two rookeries did the number of pups

Table 34. —Estimates of the fall pup population from female tag

recoveries, Pribilof Islands, Alaska, year classes 1958-61

Year
class



Figure 6.-- Pup shearing, St. Paul

Island, 1963.

Little Polovina from pup sampling was 6,500,

89.9 percent of the counted total.

Annual counts of the live pups on Kitovi
amphitheater have been made since 1959. In

1963, the count was 1,106 and the average
estimate from pup sampling 1,200, a differ-

ence of less than 10 percent.
The estimate of the pup population at the

time of sampling on St. Paul Island was in-

creased from 229,900 to 255,700 to com-
pensate for the difference between the count
and the sampling estimate on Little Polovina.
An estimate of 316,000 for both islands was
obtained by dividing 255,700 by 0.81, the

average percentage share of harem bulls found
on St. Paul Island. No corrections were made
for pups that died before shearing, possibly
20,000 or more.

The count of live pups on Little Polovina,
the harem-bull count, and the dead-pup count
can be used to make two additional estimates
of the pup population.
Assuming that the number of pups per harem

bull is a constant, an estimate of the total
of pups can be calculated from thenumber

ratio:
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Table 36. —Estimates of the number of pups per
harem bull, St. Paul Island, 1963

Rookery



Table 38.—Mean weight of untagged pups and

male return, Pribilof Islands, Alaska, year

classes 1957-59

[Numbers in parentheses are the number of pups in each

sample]



MEASUREMENTS OF 3-YEAR-OLD
MALES

The mean lengths and weights of tagged and
untagged 3-year-old males are presented by-

round for the years 1962 and 1963 in table 41.

The measurements of tagged and untagged
males were compared by the approximate
method (Snedecor, 1956) using unweighted
means. The effect of tagging, of rounds, and
of the interaction between rounds and tagging
were separated by the analysis. Untagged
seals were significantly longer than tagged
seals for both years (P<.01). The average
difference in length was 1.67 cm. Untagged
seals were also heavier than tagged seals in

1962 and 1963 (P<.01). In 1963, however,
the interaction between effects of tagging

and of rounds was significant. The inter-
action resulted from the aberrant data of round
7 when the weight of tagged seals was greater
than that of untagged ones. It seems to have
no biological importance. The F value for
the effect of tagging was much larger (28.71)
than that (2.80) for the interaction. There-
fore, the significant interaction is ignored
and the conclusion reached that there was a
real difference between the weights of tagged
and untagged seals in 1963. Present equipment
does not allow accurate weighing of large
numbers of seals on the killing fields, but there
is no reason to expect bias in comparing
weights of tagged and untagged seals.

Length classes of tagged 3-year-old male
seals sampled from the kill are given by date
in appendix table 12.

Table 4-1.—Mean weights and lengths of tagged and untagged 3-year-old male seals, by round,
St. Paul Island, 1962-63

[Numbers in parentheses are the number of seals in each sample]



Table 42. —Live-pup counts, St. Paul Island,

1959-63

Table 43. —Skins collected for experimental

use, St. Paul Island, 1958 and 1961-63



PLASTIC IMPRESSION TECHNIQUE
FOR STUDYING SEALSKINS

A technique was developed for studying the

distribution and diameter of hairs on the sur-
face of the skin of fur seals and other pinnipeds.
Without resorting to the conventional method
of embedding, sectioning, and staining, a
thermoplastic impression on transparent film
is made directly from the sheared skin. The
technique can be used to identify fragments
of sealskin found in stomachs of killer whales
and sharks, and may also furnish information
on the evolution and adaptations of the 2

known genera of pinnipeds. A description
of the technique is to be published in the
Proceedings of the Zoological Society of

London.

EYE LENS WEIGHT AS AN INDICATOR
OF AGE

The dry weight of the eye lens in mammals
tends to increase through life. Biologists have
used lens weight as an indicator of age of

rabbits, antelopes, and opossums. Eye lenses
of 147 fur seals of known age were weighed in

1963. Bauer, Johnson, and Scheffer (1964)
showed that lens weight increases geometri-
cally in both sexes and is still increasing in

the oldest specimens studied, a 14-year-old
male and a 21 -year-old female. When only
the lens weight and sex are known, the age
of a seal can be identified to the nearest
year through age 2 only.

AGE OF THE FUR SEAL PUP AT
COMPLETION OF ITS FIRST MOLT

From a series of newborn pups marked in

June 1962, six were killed at ages ranging
from 73 to 103 days. A pelage specimen
was saved from each. Histological examina-
tion of the pelage indicates that the transition
from the black coat (late fetal and neonatal)
to the silver coat (adult) may be completed as
early as 11 weeks after birth and as late as
15 weeks, with a mean of about 13 weeks.
The mean completion date is about 7 October
(Bauer, Peterson, and Scheffer, 1964).

OTHER WILDLIFE SPECIES

SEA LIONS

The number of sea lion pups tagged on
Walrus Island in 1963 is given in table 44
with those tagged in previous years.
No tags have been recovered from sea

lions tagged as pups in 1959 and 1960 even
though a reward of $5 is offered. One fur
seal pup was seen on Walrus Island in 1963;
adult fur seals were not observed.

Table 44. —Sea lion pup tagging, Walrus
Island, 1959-60 and 1963

Year



SUMMARY

Males

1. Of 42,386 male seals killed on the

Pribilof Islands in 1963, 39,685 were taken
during the male kill from 2 July to 5 August
and 2,701 during the kill of females 13 August
to 12 September. St. Paul Island accounted
for 31,881 and St. George Island, 10,505.

Age classification of the kill in percent was:
St. Paul Island, 4, 46, 45, and 5, ages 2-5;

St. George Island, 9, 41, 45, and 5, ages
2-5.

2. At least 3,150 male seals were taken
as a result of early season removal of the

maximum length limit of 48-3/4 inches. Ab-
sence of the mane, a secondary sex charac-
teristic evident at age 6 and older, was sug-
gested as a substitute for the maximum length

limit.

3. The peak of the kill occurred during round
6 (22-26 July) when 5,809 males were taken
on St. Paul Island. The total kill of 18,481

4-year-old males by 5 August agreed closely

with the forecast of 18,750 for a kill ending
between 31 July and 15 August. A kill of

37,500 3-year-olds by 31 July or 50,000 by
15 August was predicted; 17,986 were taken
by 5 August.

4. The number of bulls counted on land
10-17 July decreased from 12,674 harem and
11,759 idle in 1962 to 11,283 harem and 9,540
idle in 1963.

5. From 3- and 4-year-old male data, esti-

mates of number of pups born on the Pribilof

Islands in 1958 and 1959 were 729,000 and
778,000.

6. The St. Paul Island pup population in

1963 was estimated at 229,900 from a marked
to unmarked ratio obtained from shearing and
sampling pups in August and adjusted to 255,700
on the basis of a live- pup count on one rookery.
Exclusive of pups that died before shearing,
the pup population of both islands was esti-

mated at 316,000.

Females

1. A total of 43,952 female seals were
taken on the Pribilof Islands in 1963. The
female kill began 13 August, ending 12 Sep-
tember on St. Paul Island with a kill of 35,093
and 30 August on St. George Island with a kill

of 8,859.
2. Reproductive studies of 310 known-age

3- and 4-year-old females taken on St. Paul
Island in 1963 were made. Two of 170 4-year-
olds were primiparous and had given birth to

their first pup in 1963; all (140) of the 3-year-
old females examined were nulliparous.
Graafian follicles in both ovaries of 307 of

the females indicated approaching maturity.
Based on the presence in one ovary of a de-
veloping corpus luteum or one or more follicles

5 mm. or larger in diameter, 33 (24 percent)
of the 3-year-olds and 118 (70 percent) of the

4-year-olds would have been bred in 1963.

3. Total pup populations estimated from
female data were 872,376 for the 1958 year
class and 859,371 for 1959.

Tag Recoveries and Tagging

1. A total of 3,703 tagged seals and 2,077
with checkmarks only were recovered in 1963;

37 Soviet-tagged fur seals were taken. Eighty-
four seals selected and tagged as yearlings
in 1961 and 1962 were recovered in 1963. Only
13 of 34 recoveries from the 1961 tagging

were actually yearlings when tagged; 45 of 50

recoveries from 1962 were yearlings when
tagged. Body weight was used as an indicator

of age in 1961, whereas length was used in

1962.
2. Twenty-five thousand seal pups were

tagged; the tip of the same flipper was sliced

off as a checkmark. A total of 701 seals was
selected and tagged as yearlings in 1963; 98
that had been tagged as pups in 1962 were
each given an additional tag.

3. Five weekly counts of yearlings tagged
as pups in 1962 were made from 27 September
through 11 October 1963 on 11 sampling areas
on St. Paul Island. These counts may pro-
vide an index to survival from birth to age 1

and a rough prediction of the return of 3-year-
old male seals 2 years later.

Mortality

1. The 1963 pup mortality on land decreased
to 39,239 from 53,748 in 1962. The lowest
count since the beginning of complete dead-
pup counts in 1953 was recorded in 1958.

Seal-Pup Weights

1. The data from year classes 1957-59
suggest a correlation between mean weight
as pups and return at age 3.

2. Tagged pups weighed an average of 0.57

kg. less than untagged pups from 1957 through
1963.

Related Studies

1. Counts of live pups made each year since

1959 on two of three small rookery areas on
St. Paul Island will be discontinued because
of unreliability. Live-pup counts will be con-
tinued on one area as a check on the reliability

of estimates of the pup population made from
marked to unmarked ratios. For the same pur-

pose, total counts will be made of pups on

four rookeries.
2. Studies of 536 skins from females showed

that those in ages 2-5 years have good market
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value. Some in ages 6-15 years have a market
value equivalent to about 75 percent of that of

the average male skin.

3. Eye lens weight can be used to identify

the ages of fur seals through age 2 only.

4. The black birth coat of fur seal pups is

replaced by the silvery pelage of the adult

about 13 weeks after birth.

Other Wildlife Species

1. Eighty-one sea lion pups were tagged on
Walrus Island in 1963.

2. Three dead whales and one walrus drifted

ashore on the Pribilof Islands in 1963.
3. A Coast Guard helicopter was used to

search offshore areas of St. Paul Island,

6 July 1963, for survivors of a 1959 transplant
of sea otters and to make aerial photographs
of the reindeer herd. No sea otters were seen.
The total count of reindeer on the photo-
graphs was 537 compared to 550 counted from
the ground a month earlier.
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GLOSSARY

The following terms used in fur seal research and management on the Pribilof
Islands have special meanings or are not readily found in standard dictionaries.

age class Age group. Seals of the same age
(usually used when referring to seals
older than pups). See year class.

at time of sampling A phrase used to qualify
estimates of the pup population based on
sampling for a marked to unmarked ratio
in the summer of birth. A pup population
estimate "at time of sampling" does not
include pups of the year class that died
earlier in the summer or before the pups
were marked. See "at time of tagging."

at time of tagging A phrase used to qualify
estimates of the pup population based on
(1) sampling for a tagged to untagged
ratio in the summer of birth, or on
(2) tag returns at various ages. Pups
that died before tagging are not included
in the estimates. See "at time of sam-
pling."

checkmark A notch, slit, hole, or other mark
made on a seal flipper when a tag is ap-
plied, to insure later recognition of an
animal which has lost its tag.

clinch or clinching The device or action by
which metal tags applied to seal flippers
are fastened. A metal point is bent over
a narrow band in order to form a closed
ring.

drive The act of surrounding and moving
groups of seals on land from one location
to another.

escapement Seals that were not killed be-
cause they were not the proper size or
were not available.

extra mortality Above normal mortality. For
example, tag wounds and other injuries
associated with tagging may cause tagged
pups to die at a greater rate than untagged
pups.

hauling grounds An area, usually near a rook-
ery, on which nonbreeding animals con-
gregate.

haul out The act of seals moving from the
sea to a rookery or hauling grounds on
shore.

homing tendency The inclination of seals to
return to the rookery where they were
born, that is, home rookery or rookery
of birth. Homing tendency is expressed
as a percentage by comparing the number
of tagged seals in a specific group that
were found on their natal rookery with the
number that were found on some other
rookery or island.

known-age Applied to seals for which age is

definitely known because they bear an
inscribed tag or have a certain com-
bination of tag scar and checkmark.

marked Seals that have been tagged, sheared,
or otherwise artificially marked so they
can be identified.

marked to unmarked ratio See tagged to un-
tagged ratio.

mortality rate Percent of a year class dying
over a specific period.

pregnancy rate Percent females that were
carrying or had borne pups in the year
examined. For example, the pregnancy
rate of 5-year-old females was 60 per-
cent.

return The return or survival of seals from
a year class. For example, 10,000 3-

year-old seals from the I960 year class
returned in 1963.

round The sequence in which hauling grounds
on the Pribilof Islands are visited in order
to collect seals for harvest. Current
practice is to make a complete circuit

or round of the hauling grounds in 5 days.
roundup The act of surrounding and collect-

ing seals to be drivenfor harvest, tagging,
or other purposes.

tagged Describes a seal having an inscribed
metal tag or tags attached to one or more
of its flippers.

tag-lost A term applied to a seal that is known
to have been tagged because of a check-
mark and, in some cases, a tag scar but
no longer has a tag.

tag scar A hole or torn area near the usual
tag site on a seal's flipper. Tags fall out
because of poor clinching or wear and are
torn out by catching in rock crevices or
driftwood. Possibly some are torn out
by the tagged seal.

tagged to untagged ratio The number of tagged
seals compared to the number of untagged
seals, usually expressed as a decimal
fraction. Example, 5:20, ratio = .25. See
"marked to unmarked ratio."

tag lost to tag ratio The number of seals that

have lost tags as compared with the num-
ber retaining tags. Usually expressed as
a decimal fraction.

unmarked Not marked.
untagged Not tagged.
year class Group of seals born in the same

year. See age class.
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APPENDIX A

PREDICTION OF 1964 MALE RETURNS AND KILL

Douglas G. Chapman
2 January 1964

Four-year-old Males

Method l.--The postseason escapement of

3-year-old males in 1963 was calculated by
fitting a normal curve to the kill, by round,

of this age class. This method indicates that

74.2 percent of the 3-year-old males of the

proper body length were taken by 5 August
1963. Because the round system was not used
on St. George Island, the estimate of 74.2

percent was based on data collected on St.

Paul Island.

The method of estimating then proceeds as

follows:
Total return of 3-year-old males of the

proper body length
13,954
.742

18,806 (13,954

3-year-old males taken on St. Paul Island by
5 August 1963)

Total kill of 3-year-old males on St. Paul
Island in 1963 (to 26 August) = 14,310

Escapement (postseason is 18,806 -

14,310 = 4,496)

4 496
Percentage escapement is 100 x . ' ., 24

Using 5 as an average percentage escape-
ment due to body length, the total escapement
percentage is 1 - (.95)(.76) = .28 x 100.

The total escapement is
14,310
.72

14,310

5,565, which is then adjusted by the 17 per-
cent correction worked out emperically after
the extended 1956 and 1957 seasons. Hence, the
escapement is (5,565) (1.17) = 6,511.

The kill of 4-year-old males is forecasted
as 85 percent of this escapement, or 5,500.

Method 2. -- Data on the kill of 3- and 4-year-
old male seals and the mean date of the kill

of 3-year-olds are given in appendix table 1

for year classes 1952-59.
Because killing was terminated on various

dates over the years, the data were stand-
ardized by considering the kill to 31 July only.

In years in which killing continued after 31

July, 80 percent of the 3-year-old males taken

Appendix table 1. —Forecast of the 4-year-old male kill from

the mean date and kill of 3-year-old males, St. Paul

Island, year classes 1952-59

Year



in August were added to the kill of 4-year-
old males. This has been done on the assump-
tion that if seals had not been killed in August,
80 percent of the 3-year-olds alive after 31 July-

would have been taken as 4-year-olds the fol-

lowing year. Also, the starting round of killing

before I960 was 27 June to 1 July; the be-
ginning round in I960 and thereafter was 2-6
July. Therefore the data in I960 and subse-
quent years were adjusted by allotting 45 per-
cent of the kill in the 2-6 July round to the
27 June to 1 July round. The 45 percent factor
was based on kills in 1955 through 1959.

The regression determined from the data
is:

where x

- 14.83 + 0.56 x
x

+ 5.53 x
£

= the kill of 3-year-old males to

31 July
= mean date of the 3-year-old male

kill in days past 20 July
= the kill of 4-year-old males to

31 July, plus 80 percent of the
3-year-old male kill after 31

July

The correlation coefficient, R = 0.82, is

highly significant and indicates that 82 percent
of the variance of Y is explained by xj and x2.
For the I960 year class xj = 12, X2 = 4 so

that Y = 14.01.
Since the kill of 3-year-old males in August

was 2,714 (of which 80 percent is 2,171), the
kill of 4-year-old males by 31 July 1964 is

estimated at 11,800. Adding 10 percent for

4-year-olds that will be taken 1-5 August, the
total estimate is 13,000 of this age for St. Paul
Island.

Method 3 .- -In previous years, dead-pup
counts have been used to forecast returns of

a year class. The apparent relationship of the
dead-pup count to the annual mean temperature
of the 12 months preceding birth of the pups
make it seem worthwhile to consider both of

these variables as a means of predicting the
kill of 3- and 4-year-old males. The basic
data and an analysis of variance to determine
if both variables are necessary are shown in

appendix tables 2 and 3.

The small F value (.02) given by the test

to determine the effect of neglecting the dead-
pup count shows that all the forecast informa-
tion is essentially contained in the temperature
variable. Consequently, use of temperature
only in the regression is preferable, because
it provides a datum point for 1952. Using the

data for all 10 years, the temperature-kill
relationship is:

Y = 17.4 + 1.01X

where Y = adjusted kill

X = 10 (mean temperature in F - 32)

The mean temperature in I960 was 33.7, so

x = 17 and Y = 34.6. The kill in 1963 prior
to 31 July was 11,596 and 80 percent of the

kill in August (2,714) is 2,171. There remains
according to this forecast 34,600 - 11,600
- 2,200, that is, 20,800.

Appendix table 2. —Kill of 3- and 4-year-old males,

dead -pup counts, and mean temperature, St. Paul

Island, year classes 1950-59

Year



Appendix table 3. --Analysis of variance of regression of adjusted kill on dead-pup count and

mean temperature, St. Paul Island

~r

Source of
variation

Degrees
of

freedom

Sum of
squares

Mean
square

Dead -pup count and temperature
Temperature alone
Difference due to neglecting dead-pup count.

Dead -pup count alone
Difference due to neglecting temperature....

Error ( residual

)

2

1

1

1

1

6

1157.44
1156.30

1.14

900.43
257.01
414.12

578.72
1156.30

1.14
900.43
257.01
69.02

.02

3.72

Three-year-old Males

Method l .--The temperature-kill relation-

ship given above can be applied. The mean
temperature from July 1960 to June 1961 was
33.8, therefore, X = 18 and Y = 35.6. During
the past 5 years, 73 percent of the number
killed at ages 3 and 4 have been taken at age
3. On this basis, the predicted kill of 3-year-
olds is:

(.73) (35,600) = 26,000

Method 2 .--An alternative method of predic-
tion is based on average returns from the
1953-59 year classes against the average
number of females. By the accumulative esti-

mate 1 the average number of females age 3

and older was 801,100. The average kill of

3-year-old males from these year classes
was 28,500. This represents 3.56 percent of

the number of females. The accumulative
estimate of the number of females in 1961
is 610,000. Thus, anaveragekill would produce
21,700 or 22,000 animals.

Confidence Intervals, Other Methods

Confidence interval estimates for some of

the predictions can be obtained. For example,
the 95 percent confidence intervals for the
estimated adjusted kill from the 1960 and
1961 year classes, based on the temperature-
kill relationship are:

I960: Y lies between 34,600 + 22,000, i.e.,

12,600 to 56,600

1961: Y lies between 35,600 + 22,000, i.e.,

13,600 to 57,600

These imply a confidence interval for the kill

of 4-year-old males in 1963 of from to

42,800. At present, the variability inherent
in these predictions is high.

In other years, attempts were made to fore-
cast the kill of 3-year-old males on some
index from the kill of 2-year-old males the
previous season. Clearly, this is the best
approach. At present, however, the small
number of 2-year-old males killed and the
selection involved in their killing are factors
which prevent a satisfactory prediction.

Prediction of Total Kill

Three widely separated predictions for the

kill of 4-year-old males are available. Be-
cause information suggesting preference of

one prediction over another is not available,

the median value is used. Assuming that the

male kill will be terminated 5 August, the
resulting predictions for St. Paul Island in

1964 are:

Age



APPENDIX B

Appendix table 4. --Age classification of male seals killed on St. Paul Island,

2 July to 5 August and 13-26 August 1963



Appendix table 5. Cumulative age classification of male seals killed on St. Paul Island,

2 July to 5 August and 13-26 August 1963



Appendix table 6.--Age classification of male seals killed on St. George Island,

2 July to 5 August and 13-30 August 1963



Appendix table 7. -Cumulative age classification of male seals killed on St. George Island,

2 July to 5 August and 13-30 August 1963
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Appendix table 12. --Recovery location of tagged male seals killed, by age and rookery, Pribilof Islands, Alaska, 1963

Rookery



Appendix table 13. --Seals selected and tagged as yearlings in 1961

(M-series) and 1962 (N-series) and recovered from the kill,

Pribilof Islands, Alaska, 1963

Tag
number Sex

l£l Rooker^
Tagged Recovered Tagged Recovered

M-21



Appendix table 13. --Seals selected and tagged as yearlings in 1961
(M-series) and 1962 (N-serie.s) and recovered from the kill,

Pribilof Islands, Alaska, 196 3 --Continued

Tag



Appendix table 13. --Seals selected and tagged as yearlings in 1961

(M-series) and 1962 (N-series) and recovered from the kill,

Pribilof Islands, Alaska, 196 3 --Continued

Tag
number Sex

Age RookerL.
Tagged Recovered Tagged Recovered

N-50829



Appendix table 14. -- Soviet tags recovered from the kill, Pribilof Islands,

Alaska, 1963

Date Tag
number Sex

Island

of

tagging

Rookery
of

recovery Length Weight

27



Appendix tabLe 1 5t -Length classes of tagged 3-year-old male seals sampled from the kill, by date,

St. Paul Island, 1963

Date 39 40 41 42 43

Length in inches

44 45 46 47 48 49 >49 Total

July

2

3

4

5

6

Total

7

8

9

10

11

3



Appendix table lb. -Tag numbers (P-series) and weights of Live mate and female fur seal pups, by rookery, St. Paul Island, 31 August
and 1 September 1963

Tag
number

Tag
number

Tag
number Weight

Tag
number Weight

Tag
number

REEF - males
8942



Appendix table 16. -Tag numbers (P-series) and weights of Live male and female fur seal pups, by rookery, St. Paul Island,

31 August and 1 September 1963--Continued

Tag



Appendix tabLe 17. --Record of fur seal pups tagged, Pribilof Islands, Alaska
1941, 1945, 1947-51, and 1952-63

Year Series

St. Paul
Island

St. George
Island Location of tafL Checkmarks

1941

1945

1947

1948

1949

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

196 3

USA 1-10000;



fO



Appendix tab Le 19.--Bull counts, Pribilof Islands, Alaska, 1 91 1 -41 and 1943-63



Series: A - 1947

Tag location: left front

flipper

Check mark: 1/4" hole in

hind left

flipper

Number tagged: 19183

Series: B - 1948

Tag location: left front

flipper

Check mark: none

Number tagged: 19532

Series: CS - 1949

Tag location: left hind

flipper

Check mark: none

Number tagged: 19960

Series: D - 1951

Tag location: right hind

flipper

Check mark: none

Number tagged: 1000

Series: E - 1952

Tag location: right front

flipper

Check mark: tip of digit

on right hind

flipper sliced off

Number tagged: 19979

Series: F - 1953

Tag location: left front

flipper

Check mark: tip of left

front flipper

sliced off

Number tagged: 10388

G - 1953 70001-7400

Appendix figure 1. --Tag and checkmark locations, fur seal pup

tagging, Pribilof Islands, Alaska, 1947-63.

58
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Series:

Tag location:

Check mark:

G - 1954

right front

flipper

"V" notch on

right front

flipper

Number tagged: 10000

Series: H - 1955

Tag location: left front

flipper

Check mark: tip of digit

on left hand
flipper sliced off

Number tagged: 49870 No letter

H-1955 l-roooo 10001-50000

Series:

Tag location:

Check mark:

I - 1956

right front

flipper

tip of right

front flipper

sliced off

Number tagged: 49794

Series: J - 1957

Tag location: left front

flipper

Check mark: "V" notch on
left front

flipper

Number tagged: 49842

Series: K - 195S

Tag location: right front

flipper

Check mark: "V" notch on
right front

flipper

Number tagged: 49917

Series:

Tag location:

Check mark:

L, - 1959

left front

flipper

tip of left

front flipper

sliced off

Number tagged: 49881

Appendix figure 1. --Tag and checkmark locations, fur seal pup
tagging, Pribilof Islands, Alaska, 1947-63. --Continued
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Series: M - I960

Tag location: right front

flipper

Checkmark: tip of right

front flipper

sliced off

Number tagged: 59981

Series: P-1963
Tag location: left front

flipper

Checkmark: tip of left

front flipper

sliced off

Number tagged: 24, 9V 1

Series: N - 1961

Tag location: left front

flipper

Checkmark: "V" notch on
left front

flipper

Number tagged: 49921

Series: O - 1962

Tag location: right front

flipper

Checkmark: "V" notch on
right front

flipper

Number tagged: 49,908

Appendix figure 1. --Tag and checkmark locations, fur seal pup
tagging, Pribilof Islands, Alaska, 1947-63. --Continued
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